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Box No. I Basis of the report 



1 . With regard to the language, this report is based on the international application in the language in which it was 
filed, unless otherwise indicated under this item. 

□ This report is based on translations from the original language into the following language , 
which is the language of a translation furnished for the purposes of: 

□ international search (under Rules 12.3 and 23.1(b)) 

□ publication of the international application (under Rule 12.4) 

□ international preliminary examination (under Rules 55.2 ancLbr55.3) 

2. With regard to the elements* of the international application, this report is based on (replacement sheets which 
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report): 



Description, Pages 

1-9 received on 29.09.2005 with letter of 19.09.2005 
Claims, Numbers 

1 -9 received on 29. 09.2005 with letter of 1 9.09.2005 
Drawings, Sheets 

1/1 as published 

□ a sequence listing andfor any related table(s) - see Supplemental Box Relating to Sequence Listing 

3. □ The amendments have resulted in the cancellation of: 

□ the description, pages 

□ the claims, Nos. 

□ the drawings, sheets/figs 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 

4. □ This report has been established as if (some of) the amendments annexed to this report and listed below 
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the 
Supplemental Box (Rule 70.2(c)). 

□ the description, pages 

□ the claims, Nos. 

□ the drawings, sheets/figs 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 

* If item 4 applies, some or all of these sheets may be marked "superseded. " 
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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1 -9 

No: Claims 

Inventive step (IS) Yes: Claims 1-9 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-9 

No: Claims 



2. Citations and explanations (Rule 70.7): 
see separate sheet 



Box No. VIII Ce rtain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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PARA. VIII: 

Claim 1 comprises an obvious error (see last three lines) , 

since the application does not relate to "intermediate parts (5,8)" and/or "said circuits" 
mentioned in said last three lines. 

Claim 1 (last two lines) should obviously read : 

" ... with the intermediate part (4) insulate said first and second parts of the said circuit 

from each other and the body structure " 

PARA. V: 

Taking the above correction into account, the subject matter of claim 1 relates to a fuel 
pressure sensor with a piston movable by the pressure to be sensed, in which 

a) a spring (a resilient element) and an upper and lower support of the spring form an 
insulated part of a pressure detection circuit 

and in which 

b) a stop of the piston limiting the movement of the piston when compressing the spring 
forms another insulated part of the detection circuit. 

This finds no example in the prior art and thus solves the problem of providing a fuel 
pressure sensor of a combustion engine. 
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Apparatus for detecting pressure 
Technical field 

5 The present invention relates to apparatuses for detecting fuel pressure in internal 
combustion engines. The invention specially relates to internal combustion engine 
applications in which fuel reaches a high pressure. The invention additionally re- 
lates to applications in which the fuel is heavy fuel oil. 

10 Prior art 

In many fuel injection systems of combustion engines it is necessary to know when 
the pressure starts to rise (beginning of injection). For example, in so-called Common 
Rail systems the fuel pressure is increased to about 1500 bar before the fuel is in- 
jected into the combustion chamber via the injector nozzle. The pressure information 
,15 is needed in order to have the fuel injected in the cylinder at the right time. 

In addition, many internal combustion engines operate in relatively high tempera- 
tures. In, for example, large diesel engines running on heavy fuel oil the operation 
temperature is in the order of 1 20 °C. 

In a number of current systems the electronics of the engine takes care of the pres- 
20 sure detection operation. In practice this means that the electronics is set to control 
the injection in various operating ranges of the engine. The set values for the elec- 
tronics are obtained from, for example, test runs of the engine. Direct measurement 
of fuel pressure is therefore not necessarily used for finding out the fuel injection tim- 
ing and the duration in fuel injection systems based on electronics. A problem with 
25 these systems is that as there is wear on the engine during operation, the set values 
of the electronics no longer correspond with the changed conditions in the engine, 
whereby the engine runs on a decreased efficiency, causing more stresses on the 
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structure of the engine. Because of this, the engine must be serviced at certain inter- 
vals. 

Detecting the fuel pressure by means of pressure sensors is possible, but such appa- 
ratuses are expensive. There are a number of pressure sensors available on the 
5 market, but as the sensor must be able withstand a pressure of over 1000 bar in a 
temperature of over 100 degrees, there are hardly any commercial solutions at a rea- 
sonable price, and therefore they are not used. A known solution is, however, dis- 
closed in publication US 4566417, in which the fuel pressure is measured from the 
fuel pump by means of a pressure sensor. The sensor is based on a piezo-electric 
10 element. A problem with this sensor is that the dimensioning for a low operation 
range (operating at a pressure of, for example, about 20 bar) and a simultaneous re- 
quirement for high maximum pressure (e.g. about 1500 bar) is very difficult, if not im- 
possible, to carry out Another challenge is the operation in a temperature of over 100 
degrees. 

15 Complex cylinder-specific systems for detecting pressure are relatively commonly 
used. These applications are expensive as well. 

The aim of the invention is to remove/reduce the said prior art problem. The aim is 
achieved as disclosed in the claims. 



20 Short description of the Invention 

The invention is based on the idea that there is no need for an accurate measure- 
ment of pressure. What must actually be known is the moment the fuel pressure 
exceeds a certain pre-determined level. A simple on-off-detector will be sufficient 
for this. Such an inventive detector can be produced by allowing the pressure to 
25 cause a switching operation when the pressure exceeds a certain limit. Detecting 
the switching operation still allows the desired operations to be carried out, such as 
correcting the timing of the fuel injection. A simple operation can be carried out by 
means of a solution that's simple yet durable in the Gonditions. 



■ 
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An apparatus according to the invention comprises a piston including a first end 
being in direct connection with, for example, a high-pressure fuel line, and a sec- 
ond end being in connection with the resilient element, and a circuit having inter- 
faces outside the apparatus. 

5 When the pressure reaches a certain value (or exceeds it) the piston moves to- 
wards the resilient element allowing the movement, when a sufficient pressure is 
acting on the first end of the piston. Thus, the location of the second end of the pis- 
ton depends on the movement of the piston, and in a certain location it will form a 
mechanical contact closing the circuit, which can be seen from the interfaces. 

10 The resilient element is preferably a spring or the like. The circuit comprises a first 
part including a first conductor and a second part comprising a second conductor. 
The apparatus preferably also includes a movement restrictor stopping the move- 
ment of the piston towards the resilient element at a certain location. 

The end of the piston presses an intermediate part being in connection therewith, 
15 the intermediate part further pushing upper support of the spring of the apparatus. 
, The spring of the apparatus springs as shown in the under the influence of the 

transmitted power. The lower support stays in place giving support. 

The spring does not spring to its extreme limits, but its movement is limited by 
means of a movement restrictor. In other words, when the spring has sprung for a 

20 certain length, the upper support of the spring touches the movement restrictor, 
whereby the above-mentioned connecting operation is formed. The connecting op- 
eration closes the circuit of the apparatus. The circuit consists of two parts, the first 
of which comprises the movement restrictor and the second of which comprises 
the upper support of the spring, the spring, and the lower support of the spring. The 

25 first and the second part are connected to conductors that are in connection with a 
detector detecting the connecting operation. The detector can be, for example, an 
operation amplifier connection acting as a comparator. Thus, the detector is a 
separate part of the apparatus according to the invention. 
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Because the apparatus comprises a circuit, insulator parts are needed as wed to 
insulate the parts of the circuit from each other and other structures. An insulator 
part is located between the lower support of the spring and the base (i.e. lower 
end) of the movement restrictor. An insulation part is located between the base of 
5 the movement restrictor and the rest of the structure as well. The intermediate part 
is made of an insulating material as well. 



List of figures 

In the following, the invention is described in more detail, with reference to the ap- 
10 pended figures, of which 

Figure 1 illustrates an example of an embodiment according to the inven- 

tion, and 

Figure 2 illustrates the operation of the apparatus in the operation mode in 
which the pressure is detected. 

15 

Description of the invention 

Figure 1 illustrates an example of an apparatus according to the invention with the 
apparatus in rest mode, i.e. with the switch formed by the apparatus open. The pis- 
ton 3 of the apparatus is in connection to volume 2 containing high-pressure fuel. 
20 In this example the body structure 1 of the apparatus is integral with the surround- 
ing structure (e.g. when the spaces required by the apparatus are bored in the de- 
sired place in the engine structure). It is, however, also possible that the structure 
is a separate structure connected to the surrounding structure. 

The lower end of the piston is in connection to the intermediate part 4 being in 
25 connection to the upper support 5 of the spring 6 of the apparatus. The clearance 
between the intermediate part and the body is large, whereby great heat expansion 
differences do not hinder the operation. The intermediate part is to transfer the 
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movement of the piston to the upper support of the spring and to prevent contact 
between the upper support of the spring and the body construction. It is to be noted 
that in this disclosure the terms upper and lower end etc. mean the portion of the 
part of the apparatus located above volume 2. Correspondingly the terms lower 
5 and upper side etc. mean the part of the apparatus further away from the said vol- 
ume. 

Spring 6 is located between the upper support 5 and the lower support 8 of the 
spring. Movement restrictor 7 is located partly inside the spring, the lower end 7 
(i.e. base) of which is located outside the spring. The spring is preferably a coil 
10 spring and the movement restrictor is preferably a tap comprising a body and a 
base, the body thus being located inside the coil spring and the base being outside 
the coil spring, to which base the first conductor 15 is connected. 

An insulator part 9 is located between the lower support 8 and the base of the 
movement restrictor 7' and a second insulator part 10 is located between the base 

15 of the spring and the body construction. The second insulator part is preferably a 
plate receiving the forces caused by the fuel pressure as well. The insulator part 

' between the lower support of the spring and the movement restrictor is preferably a 
ring, shaped in a suitable way. The ring thus insulates the movement restrictor 
from the lower support of the spring and locates the movement restrictor in side- 

20 ways direction. Second conductor 12 is connected to the lower support of the 
spring. The insulator parts and the intermediate part are of ceramic material, but 
they can also be of another mechanically durable (compression strength) electri- 
cally insulating material with a good heat resistance as well. The intermediate part 
must especially be compression and heat resistant 

25 The volume in which the spring and its supports are located, is preferably provided 
with a leak channel 11 for fuel, if any, leaking therefrom. The body structures are 
additionally provided with channels 13, 14 for the first 15 and the second 12 con- 
ductor. 

Figure 2 illustrates an apparatus example according to the invention, with the appa-r 
30 ratus in operation mode, i.e. with the switch formed by the apparatus closed. As 
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the fuel pressure has risen to a certain level or even over a certain level, the piston 
3 presses the intermediate part 4 which further moves the effect of the pressure to 
the upper support 5 of the spring. The spring 6 is made to spring by the pressure 
until the tap of the movement .restrictor 7 touches the upper support of the spring, 
5 as shown in figure 2. The contact between the upper support of the spring and the 
movement restrictor close the circuit of the apparatus, the circuit thus comprising 
two parts (and the conductors in connection therewith). As was mentioned above, 
the first part comprises the movement restrictor 7 and the second part comprises 
the spring 6, the upper support 5 of the spring and the lower support 8 of the 
10 spring. 

The conductors are connected to the detector detecting the connection carried out 
by the apparatus. When the pressure does not move the piston 3 towards the 
spring and the spring 6 keeps it place in the position shown in figure 1, the circuit is 
open and the resistance measured from the circuit is large. When the elevated 

15 pressure moves the piston towards the spring, the circuit closes. The resistance 
measured from a closed circuit is small, it is also possible to measure another elec- 
trical quantity. The detector can be a simple circuit that does not require more 
complex electronics. For example, one operation amplifier connected as a com- 
parator is sufficient Thus, it is not deemed necessary to describe the design of the 

20 detector in closer detail in this text, as it is not considered essential as far as the 
invention is concerned. 

It can be seen in figure 2 that in the body structure of the apparatus is arranged a 
first volume 21 for the piston, a second volume 22 for the for intermediate part and 
the second end of the piston, a third volume 23 for the spring and the upper and 
25 lower supports thereof, the movement restrictor and the insulator parts and a fourth 
13 and a fifth 14 volume are arranged for the said conductors. The body structure 
further comprises a sixth volume 11 being in connection with the third volume and 
thus forming the above-mentioned leakage channel for fuel, if any, that has leaked 
out from the volume 2 under pressure. 
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The clearance between the piston and the body structure is preferably very small, 
which will prevent leakage from the pressurised space. Because the body and the 
piston are produced from essentially similar material, in practice preferably from 
the same material, there will be no problems due to heat expansion. The diameter 
5 of the piston is preferably dimensioned very small in order to minimise the power 
caused by the maximum pressure. 

Thus, the invention relates to an apparatus for detecting pressure in a volume 
pressurised by the fuel pressure. An apparatus according to the invention com- 
prises a resilient element, a piston including a first end being in direct connection 
10 with, for example, a high-pressure fuel line, and a second end being in connection 
with the resilient element, and a circuit having interfaces outside the apparatus. 

When the pressure reaches a certain value (or exceeds it) the piston moves to- 
wards the resilient element allowing the movement, when a sufficient pressure is 
acting on the first end of the piston. Thus, the location of the second end of the pis- 
15 ton depends on the movement of the piston, and In a certain location it will form a 
mechanical contact closing the circuit, which can be seen from the interfaces. 

The resilient element is preferably a spring or the like. The circuit comprises a first 
part including a first conductor and a second part comprising a second conductor. 
The apparatus preferably also includes a movement restrictor stopping the move- 

20 ment of the piston towards the resilient element at a certain location. The ends of 
the conductors are arranged for example on opposite sides of the volume in which 
the other end of the piston and the resilient element are arranged, preferably at a 
location in which the other end of the piston closes the circuit, i.e. forms a contact, 
as the movement restrictor stops the movement of the piston. As the pressure de- 

25 creases, the spring means pushes the piston towards the fuel volume, whereby the 
circuit opens. 

One embodiment of the invention comprises a spring, an upper support of the 
spring for supporting the upper end of the spring, a lower support of the spring for 
supporting-the lower-end of-the spring and an intermediate-part being- in connection 
30 with the upper support of the spring. The apparatus further comprises a piston, the 
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first end of which is in connection with the said volume and the second end of 
which is in connection with the intermediate part. The intermediate part is an ele- 
ment transmitting the movement of the spring to the upper support of the spring, 
the spring in connection therewith being movable because of the movement of the 
5 spring. The apparatus further comprises a movement restrictor forming a part of 
the first circuit - the spring, the upper support of the spring and the lower support of 
the spring forming the second part of the circuit - a first conductor in connection 
with the first part of the circuit and a second conductor, connected to the second 
part of the circuit, and insulator parts, which together with the intermediate part in- 

10 sulate the said circuits from each other and other structures. In the apparatus, the 
movement restrictor restricts the movement of the spring and the piston as pres- 
sure pushes the piston towards the intermediate part, simultaneously forming a 
contact surface between it and the upper support of the spring, whereby the first 
and the second parts of the circuit are connected together, which can be detected 

15 by measuring the desired electrical quantity from between the first and second 
conductors. 

It can further be seen from figures 1 and 2 that it is preferable for the movement 
restrictor to be shaped and located as shown, comprising a tap on the inside of the 
spring and a base on the outside. Thus it will be possible to connect the conductor 

20 to the base so that the connection is in the part that does not move. It is accord- 
ingly preferable to connect the second conductor to the lower support of the spring, 
because the lower support is not a movable part. If the connection of the conductor 
is made to a moving part, such as the upper support of the spring, the connection 
must be flexible enough to move with the moving part. This solution would be more 

25 prone to failures/breakages. It is thereby preferable to have at least one stationary 
part in the first and second parts of the circuit, to which the conductor can be at- 
tached. 

There are other solutions for implementing the movement restrictor. It can, for ex- 
ample, consist of two parts: a tap-like extension on the upper support, being lo- 
30 cated inside the coil spring, and a base, located outside the coil spring on the other 
side of the lower support in relation to the spring, to which base the first conductor 
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is connected. In other words, the tap of the movement restrictor according to the 
figures 1 - 2 abuts with the upper support of the spring instead of the base. An in- 
sulator is arranged between the base of the movement restrictor and the lower 
support of the spring as shown in figures. 

5 The invention is applicable to all internal combustion engines and it can be ar- 
ranged at any suitable location. A preferable location for the apparatus according 
to the invention is in connection with the high-pressure fuel line between the control 
valve and the injector nozzle. The invention is specially suitable for diesel engines, 
especially for large diesel engines. An especial application area are internal com- 
10 bustiori engines running on heavy fuel oil. 

An advantage of the pressure switch as disclosed in the invention is its simplicity 
and the inexpensive production costs resulting therefrom as well as its long service 
life. Service operations can be carried out better as needed and there are neces- 
sary pre-determined service times. It is easy to dimension the apparatus for the 
15 desired pressure value and it can additionally withstand very high pressures and 
temperatures. 

In order to keep the production costs in check all ceramic (or other material) parts 
are very simple in form and exact production tolerances are not required for them. 
The only part with exact tolerances is the piston (metallic) in the upper part of the 
20 switch. The clearance between the piston and the body is preferably as small as 
possible for minimising leakages. 

On the basis of the embodiment described above it will be obvious that an applica- 
tion according to the invention can be carried out in a way other than that de- 
scribed here. Thus, the invention is not limited to the above-mentioned example 
25 only, but it can be carried out by a number of ways within the scope of the inven- 
tion. 
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Claims 

1 . An apparatus for detecting fuel pressure from a pressurised fuel volume (2) 
having a body structure (1) in connection with a combustion engine comprising a 
resilient element and a piston (3), which piston comprising a first end being in di- 

5 rect connection with the said volume (2), and a second end being in connection 
with a resilient element (6), and a circuit including a first (7) and a second part (5, 
6, 8) and having interfaces outside the apparatus, 

in which apparatus the resilient element (6) allows movement of the piston when 
a sufficient pressure is acting on the first end of the piston while the location of the 
10 second end depends on the movement of the piston, and in a certain location of 
the piston, the apparatus forming a mechanical connection thereby closing the cir- 
cuit (7; 5, 6, 8), which can be detected from the interfaces, characterised in that 

the apparatus comprises an upper support (5) of the resilient element (6) for 
supporting the upper end of the resilient element, a lower support (8) of the resil- 
15 ient element for supporting the lower end of the resilient element (6) and an inter- 
mediate part (4) being in connection with the upper support of the spring, 

the second end of the piston being in connection with an intermediate part (4) 
being in connection with the upper support (5) of the resilient element transmitting 
the movement of the piston to the upper support of the resilient element, 
20 a movement restrictor (7) for stopping the movement of the piston (3) towards 
the resilient element at a certain location, the movement restrictor belonging to a 
first part of the circuit; 

the resilient element (6), the upper support (5) of the resilient element and the 
lower support (8) of the resilient element belonging to a second part of the circuit, 
25 and the apparatus additionally comprising insulator parts (9,10), which together 
with the intermediate parts (5,8) insulate the said circuits from each other and the 
body structure (1). 

2. An apparatus according to claim 1, characterized in that the resilient element 
30 (6) is a spring or the like. 
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3. An apparatus according to claim 1 or 2, characterized in that the first part of 
the circuit including a first conductor (15), and the second part of the circuit includ- 
ing a second conductor (12). 

5 4. An apparatus according to claim 1, characterized in that the resilient element 
is a coil spring and the movement restrictpr (7) is a tap comprising a body and a 
base (7'), with the body being located inside the coil spring and the base of the tap 
being located outside the coil spring, to which base the first conductor (15) is con- 
nected. 

10 

5. An apparatus according to claim 1, characterized in that the resilient element 
(6) is a coil spring and the movement restrictor consists of a tap-like extension in 
the upper support, being located inside the coil spring, 

and a base being located outside the coil spring on the other side of the lower 
15 support in relation to the spring, to which base the first conductor is connected. 

6. An apparatus according to claim 1, characterized in that into the body struc- 
1 ture (1) is arranged a first volume for the piston, a second volume for the interme- 
diate part and the second end of the piston, a third volume for the resilient element 

20 and the upper and lower supports of the resilient element, the movement restrictor 
and the insulator parts and a fourth and fifth volume for the said conductors. 

7. An apparatus according to claim 1, characterized in that the insulator parts 
(9,10) comprise a plate (19) located between the base of the movement restrictor 

25 and the body structure, and a ring (9) located between the base of the movement 
restrictor and the lower support of the resilient element, to which support the sec- 
ond conductor (12) is connected. 

8. An apparatus according to claim 6, characterized in that the insulator parts 
30 and the intermediate part are of ceramic material. 
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9. An apparatus according to claim 5, characterized in that the body structure 
comprises a sixth volume being in connection with the third volume, thus forming a 
leakage channel for the material, if any, that has leaked out from the volume under 
pressure. 

5 
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